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I ntroduction
Acute and subacute (chronic) acidosis is associated with adaptation to and feeding of high concentrate diets to cattle and sheep. Symptoms of acidosis include depressed feed intake and rate of gain, increased incidence of condemned livers at slaughter and death loss before slaughter. Methods of controlling these diet-related symptoms are of economic importance relative to efficient use of feed grains and efficient meat production.
Blood metabolic profiles of cattle fed high concentrate diets (Bide et al., 1973) or diets varying in forage:concentrate ratio (Stufflebeam et al., 1969; Ruppanner et al., 1978) indicate changes with time in the feedlot and with dietary concentrate levels that may reflect incidence or severity of acidosis. These profiles vary in blood constituents measured, but generally include minerals, nitrogenous compounds, lipids, glucose and various enzymes.
Acidosis resulting from experimental alteration of acid-base status or from increased concentrate intake causes increased urinary Ca excretion (Stacy and Wilson, 1970; Terashima et al., 1978; Irwin et al., 1979; Huntington et al., 1981) and depressed serum or plasma Ca concentration (Telle and Preston, 1971 ; Bide et al., 1973; Jones and Luthman, 1978; Huntington and Britton, 1979) . Results of these studies suggest that Ca depletion is associated with acidosis and with feeding high concentrate diets. Some of the positive response to addition of ground limestone (CaCO3) to high concentrate diets (Varner and Woods, 1972; Windels et al., 1979) The present experiments were conducted to test the hypothesis that acute or subacute acidosis associated with feeding high concentrate diets increases Ca losses from steers and thereby increases level of dietary Ca required for maximal feedlot performance. Ground limestone was chosen as the supplemental Ca source because it is readily available to cattle feeders and because it contains only one mineral. Feedlot performance, carcass characteristics, blood metabolic profile and bone Ca levels were chosen as measures of response to increased Ca intake.
Materials and Methods
Trial 1. Forty Hereford x Angus steers with an average -+ SD weight of 349 +-13 kg were fed orchard grass-clover silage (IFN 3-03-465) for 37 d before the feedlot trial. The steers were fed in one group. Water and trace mineralized salt were available ad libitum. They were ear-tagged, vaccinated for the prevention of infectious bovine rhinotracheitis, bovine viral diarrhea, parainfluenza type 3 and blackleg. They were given an oral dose of levamisol for elimination of intestinal parasites. Orchard grass-clover silage fed before and during the feedlot trial was from the same silo. Daily grab samples of silage were composited weekly.
The steers were weighed on two consecutive days at the beginning and end of the 93-d feeda Syntex Laboratories, Palo Alto, CA 94340. lot trial, and at 28-d intervals during the trial. They were implanted with 200 mg progesterone and 20 mg estradiol benzoate (Synovex-S| 3, on d 1 and randomly allotted to four treatments with 10 steers/treatment. Treatments were .3, .6, .9 and 1.2% Ca in the diet as a percentage of dry matter (DM) in completely mixed, 8% hay, high concentrate diets (tables 1 and 2). Water and feed were available ad libitum. The steers were adapted to the high concentrate diets by replacing silage with high concentrate diet in four weekly, increments. Daily diets were mixed before feeding during this adaptation phase. Amount of diet fed to steers on each treatment and orts were recorded daily, and daily grab samples of each diet were collected and composited weekly.
One steer from the .9% Ca treatment injured himself and was removed from the experiment. Average daily feed intake for that treatment was adjusted back to the last day the steers were weighed by subtracting 10% from total intake.
At the end of the feedlot trial, steers were assigned to blocks on the basis of treatment and live weight and slaughtered over a 27-d period. All steers received their respective dietary Ca levels until 18 h before slaughter at which time they were prevented access to feed or water. Three steers from each treatment were slaughtered each week for 3 wk, and the remaining steer from each treatment (except for the .9% Ca treatment) was slaughtered the fourth week. During slaughter, number of abscesses on each liver was recorded, and a cross-section of the right metatarsal was retained for bone ash and bone Ca determinations. After 48 h in the cooler, carcasses were graded for quality and yield. Feed DM was determined gravimetrically on all feed samples dried at 100 C for 24 h. Kjeldahl N (Bradstreet, 1965) was determined on all feed samples. Feed samples were ashed at 600 C for 6 h in a muffle furnace, and Ca content was determined on an acid-soluble filtrate of the ash (Huntington et al., 1981) . Phosphorus content was determined on the same filtrate by an automated colorimetric procedure 4. Calcium content of dry, fat-free bone was determined by AOAC (1970) procedures.
Blood samples were collected by jugular vein puncture from all steers at the beginning of the feedlot trial, and weekly from one-half of the steers thereafter. Thus, a given steer was bled ever other week. samples were obtained during collection. One sample of heparinized blood was analyzed for pH and pCO2 with a Radiometer PHM71Mk2 blood gas analyzer s and for packed cell volume (PCV). A metabolic profile (table 5) was performed by a commercial laboratory on serum derived from the second blood sample. The third sample of heparinized blood was analyzed for ionizable Ca (Ca ++) with an Orion Space-Stat 20 automated ionizable calcium analyzer 6 and for plasma Ca by atomic absorption spectroscopy in the presence of 1% Lanthanum to prevent P interference. Statistical analysis of data collected was performed with Statistical Analysis Systems general linear models procedure s . Weight at the beginning of the feedlot trial was included as a covariate in models for average daily gain (table  3) , slaughter weight and carcass weight (table 4) because initial weight accounted for a portion (P<.05) of sums of squares for those variables. Average daily gain and carcass variables were analyzed in a model with treatment as a main effect tested against mean squares for steers within treatments. Blood data variables were analyzed in a model that included treatment as a main effect tested against mean squares for steers within treatments, and days and treatment • day interaction as split-plot aAdjusted by covariance analysis for body weight at beginning of the feedlot trials. bLinear treatment effect (P<.IO).
effects tested against residual mean squares. Two sets of orthogonal contrasts of treatments were used. One set included .3% Ca compared with the rest, .6 compared with .9 plus 1.2% Ca and .9 compared with 1.2% Ca. The other set was linear, quadratic and cubic contrasts of evenly-spaced treatments (Steel and Torrie, 1960) . Trial 2. Trial 2 was conducted the year following Trial 1. Both trials began about December 1. Experimental conditions and protocol were similar to those used in Trial 1 with the following exceptions: average -+ SD initial weight of the steers was 291 + 16 kg; weekly blood samples were collected during the first 7 wk of the feedlot trial; the metabolic profile was abbreviated to include plasma Ca, plasma Ca ++, plasma urea N and blood PCV, pH and HCO~; bone samples were not collected at slaughter; dietary crude protein level was lower than in Trial 1 (table 2) due to an unexpected change in crude protein content of the corn; and the feedlot trial lasted 114 d compared with 90 d in Trial 1. Carcass data from one steer in the 1.2% Ca treatment was deleted due to circumstances unrelated to the trial. Plasma urea N concentration was determined with a Technicon Autoanalyzer System AA II C 4. Limestone used in the two trials was similar in particle size; 38% of the limestone passed through a 53-#m sieve. The limestone was 96% calcium carbonate equivalent s . Data from the SW. S. Frey Inc., Clear Brook, VA 22624. two trials were combined as replicates of treatments and analyzed with a model that included treatments and replicates as main effects tested against the treatment • replicate interaction.
Results and Discussion
Average daily gain increased linearly (P<. 10) in response to increased dietary Ca levels in Trial 1, but the response was not significant in Trial 2 or in the combined data (table 3) . Dry matter intake, organic matter intake and feed efficiency were similar for all treatments (table  3) . Average daily Ca intake was .031, .052, .074 and .100 kg for the .3, .6, .9 and 1.2% dietary Ca treatments, respectively.
Carcasses from steers fed .3% Ca weighed less than carcasses from steers on other treatments in Trial 1 (P<.05) and in the combined data (P<.10; table 4). Other carcass traits were not significantly affected by treatment (table 4) and, therefore, suggest that the increase of about 7 kg per carcass in response to increasing dietary Ca to .6% or more was deposited as marketable beef.
The heavier average live weight at slaughter in Trial 1, heavier carcass weight and the trend towards more rapid gain with increasing Ca (limestone) supplementation are similar to reported responses to limestone supplementation of high concentrate diets fed to sheep (Emerick et al., 1978) and to steers (Varner and Woods, 1972; Windels et al., 1979) . However, Wise et al. (1965) . Bushman et al. (1968) , Burghardi et al. (1981) , Harmon et al. (1981) and Windels et al. (1981) found no increased gain in steers fed limestone levels similar to those fed in the present trials. Supplementation of high concentrate diets with limestone separated into groups that did or did not pass througla a 600qam sieve, showed no difference in weight gain of steers fed diets supplemented with those limestones (Matsushima et al., 1955) . Similarly, Williams et al. (1981) found that adding limestones of various particle sizes and reactivities to diets containing 40 or 15% cottonseed hulls did not affect weight gain, feed efficiency or N retention of feedlot steers. Variation in source and chemical composition of limestones may account for differences in response among studies cited.
There were no significant differences among treatments in any of the blood characteristics measured in Trial 1 (table 5) . Values reported by Bide et al. (1973) for Ca, K, P and cholesterol were likewise similar, but their values for Na, C1-and urea N were higher than those in table 5. In Trial 1, there were slight differences (P<.05) in response to time for all measured characteristics except serum Na concentration and serum glutamate oxaloacetate transaminase activity (GOT). E1-Sabban et al. (1971) found plasma GOT and glutamate pyruvate transaminase activity in steers decreased with time of feeding high concentrate diets. Increases in serum glucose and cholesterol during Trial 1 (figure 1) are similar to results of Bowden and aAdjusted by covariance analysis for weight at the beginning of the feedlot trials. Bide et al. (1973) found plasma glucose concentration in steers decreased with time of feeding high concentrate diets. Serum triglyceride concentration increased with time (figure 1); Bowden and Hironaka (1975) found a similar increase in blood triglyceride concentration. The initial decline in serum (Trial 1) or plasma (Trial 2) urea N concentration (figure 2) probably reflects a variety of factors, including implants at the start of the feedlot trials (Oltjen et al., 1973) and changes in energy and N intake by these steers (Huntington, 1980) . Blood PCV, pH and HCO~-also decreased during the first part of the feedlot trials (figure 3, table 5), then PCV and HCOT recovered in a pattern similar to that for serum urea N; blood pH increased, then fell again on d 77 to values similar to those observed on d 35. Others (E1-Sabban et al., 1971; Bowden and Hironaka, 1975) have found that PCV in cattle increased with time of feeding high concentrate diets. Comparison of blood pH and HCO~-values for the .3% Ca treatment with the mean of the higher dietary Ca levels (table 6) shows that steers receiving more than .3% dietary Ca tended to maintain higher and more consistent values, particularly on d 35 and 42 when the steers had passed the final stages of adaptation to the high concentrate diet. Average blood pH and HCO~-for the first 49 d (table 6) were lower (P<.05) for the .3% Ca treatment than for the other treatments. Effects of increased concentrate intake on acid-base status are consistent with, but less dramatic than, transient changes in these characteristics in sheep or cattle experiencing acidosis due to a rapid increase in concentrate intake (Telle and Preston, 1971; Luthman and Persson, 1977; Jones and Luthman, 1978; Huntington and Britton, 1979) or iv infusion of lactate or lactic acid (Huber, 1969; Stacy and Wilson, 1970; Terashima et al., 1978) . Depression of serum or plasma Ca concentration with increased concentrate intake was not observed in the present trials, but was observed in most of the studies just cited. Protocol of the present trials was successfully designed to avoid acute acidosis, as evidenced by the lack of perturbations in circulating Ca levels or the low incidence of condemned livers (two of 39 in Trial 1, two of 40 in Trial 2). Concentration of Ca ++ in plasma measured during the last 4 wk of Trial 1 and first 7 wk of Trial 2 was not affected by treatment. Average plasma Ca ++ concentration was 2.16 meq/liter and 46% of total Ca in Trial 1, and 2.27 meq/liter and 48% of total Ca in Trial 2. Bone ash or percentage of ash present as Ca likewise were not affected by treatment (Trial 1); 69.2% of the dry, fat-free bone was ash and 37.1% of the ash was Ca. Bone ash and Ca percentages are slightly higher than percentages reported by Field et al. (1974) for cattle of similar age.
I interpret the data of these trials to indicate that dietary Ca level did not affect Ca status of these steers; therefore, the hypothesis upon which the experiments were based is rejected. However, changes in blood pH and HCO~-during the initial weeks of feeding high concentrate diets do suggest effects of dietary Ca level on fermentation and digestion patterns in the gut that are conducive to improved weight gain. These data and those of others previously cited indicate that .3% Ca in high concentrate diets is not always adequate for maximal weight gain and meat production in the feedlot; .6% Ca is closer to the requirement. Alternatively, the requirement may be for limestone (CaCO3) and its beneficial effects on buffering gut contents or on altering rate of passage of digesta from the rumen (Haaland and TyrreU, 1982) .
